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ECGEXAM is an objective examination of the interpretation
of electrocardiograms (ECGs). The American College of
Cardiology (ACC) administered ECGEXAM for the first time
on June 8, 1996. The purposes of ECGEXAM are 1) to
provide a means for physicians to measure and improve their
ECG skills, and 2) to establish a standard of proficiency in
ECG interpretation. This report describes the examination and
the results of the first administration of it.
The proficiency standard is a level considered adequate for
physicians who provide the final interpretation of ECG trac-
ings. Most commonly, these physicians interpret tracings for
hospitals or health care organizations. Ideally, the standard,
which is considered by the ACC’s expert panel to be a minimal
skill level, should be met by all physicians who sign an ECG
report.
The pass/fail standard of ECGEXAM has an educational
goal. It serves as a stimulus for physicians to improve their
ability to read ECG tracings and provides a benchmark for
assessment of their skills. In addition to the overall pass/fail
result, physicians receive information about their performance
in five domains of electrocardiography: chamber hypertrophy
and enlargement, myocardial infarction, ST-T wave changes,
ventricular and supraventricular arrhythmia and bradyarrhyth-
mias and conduction abnormalities. The educational objective
is furthered by the close relationship between ECGEXAM and
ECG-SAP. ECG-SAP is a separately produced self-assessment
program to improve skills in ECG interpretation. It is created
by the same ACC committee that produces ECGEXAM. With
its next revision, to be available in the last quarter of 1997, it
will become a component of ECGEXAM and will more closely
parallel the examination format, to further emphasize the
educational purpose of ECGEXAM.
The examination consists of four parts, as shown in Table 1.
The first part tests the examinee’s ability to recognize ECG
diagnoses correctly. The examinee selects from a list of 102
interpretations those that apply to the tracing. A few words of
history concerning the patient are provided. This section is the
longest and most important one, as it represents the main
function of the ECG reader. The rationale for the second part
is the widespread, routine use of computerized interpretations
of ECGs. In this section the reader must determine which of
the computer’s interpretations is correct or incorrect and
whether any diagnoses should be added from the list of 102
interpretations. The third part tests the ability of the reader to
correlate an ECG pattern with a specific clinical entity. Al-
though there are relatively few clinical syndromes that have
unique or diagnostic ECG manifestations, their recognition
may be a valuable outcome of an ECG interpretation. The last
section tests the examinee’s ability to utilize information on a
previous tracing to render an interpretation of a subsequent
ECG and to compare the two tracings for changes.
The ECG diagnoses are divided into five ECG domains
(Table 2). In the current and subsequent versions of
ECGEXAM, the proportions of findings in each domain will
be kept within the ranges shown in Table 2. These proportions
were established before selection of tracings for the examina-
tion, and they were agreed upon not only by members of the
committee that wrote the examination, but also by leaders in
other specialties who completed a questionnaire about the
content of the examination.
A forerunner of ECGEXAM, named ACCEPT (American
College of Cardiology Electrocardiography Proficiency Test),
was offered between 1992 and 1994 and was taken by 662
cardiologists. Like ECGEXAM, ACCEPT was an educational
tool. Its main objectives were to allow physicians to measure
their reading skills and to improve their deficiencies. However,
because of the need to prevent the examination contents from
becoming public, it was not possible to allow physicians to
review their graded examinations. In addition, ACCEPT did
not have a pass/fail standard. Although examinees could
compare their scores with those of other examinees, they could
not determine the adequacy of their skills. As a result,
ACCEPT fell short of its objectives. The solution was to
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produce two programs: a secure examination for measuring
skill (ECGEXAM) and a self-assessment program for improv-
ing skills (ECG-SAP). The latter helps readers to prepare for
ECGEXAM by providing specific feedback on areas of
strength and weakness. Both ECGEXAM and ECG-SAP are
created by one committee of ACC members. This committee
(see author list for this report) reviewed ECGs from their
hospitals and from the previous ACCEPT Committee to select
the tracings for the two programs. More than 1,000 tracings
were screened for inclusion. Final tracings were selected on the
basis of technical adequacy, nonambiguity of diagnoses and
their contributions to the target domain proportions. Tracings
with more than one or two diagnoses were preferred. The
committee emphasized clinically important diagnoses, such as
tachyarrhythmias and infarction. The correct interpretations
were determined by consensus of the committee. Equivocal
findings were assigned a value of zero so as not to influence the
total score.
The passing score was determined by the Angoff procedure
(1). This is a well established technique for setting a pass/fail
standard on an examination. It involves an estimation by each
committee member of the probability that a minimally com-
petent reader will correctly identify a given diagnosis. The
passing score was determined by the ECGEXAM Committee
and four additional experts in electrocardiography: Nancy C.
Flowers, John A. Kastor, Galen Wagner and Peter M. Yur-
chak. Each of the 10 who determined the passing score has
extensive experience in teaching internal medicine residents,
cardiology fellows and other housestaff in electrocardiography.
Table 3 shows the specialties of the 602 physicians who took
ECGEXAM on June 8, 1996. Most were internists and cardi-
ologists, which reflects the fact that physicians in these two
specialties read most of the ECGs in the United States. Table
4 shows pass rates according to physician specialty. The pass
rates are consistent with the extent of training in electrocardi-
ography and practice-related exposure that members of the
various specialties experience. Figure 1 shows that there was
remarkable consistency in the spread between the three spe-
cialty groups across the four parts of the examination. The
same consistency was seen in the three groups’ performances
in the five diagnostic domains. This consistency indicates that
the examination was able to distinguish differences in skill
levels in each of its parts and domains and serves as an internal
validation of the effectiveness of the examination. The reliabil-
ity of the examination, as measured by the Cronbach’s alpha
procedure (2), was 0.90, which indicates a high consistency in
test scores. Also, the agreement coefficients (3) were 0.94 and
0.84, which demonstrates a high consistency in pass/fail deci-
sions.
We examined the performance of each physician group on
three specific diagnostic categories that are potentially life
threatening: ventricular tachyarrhythmias, myocardial infarc-
tion (acute and old) and acute myocardial infarction alone
(Table 5). The figures in Table 5 indicate how the physician
groups performed on these diagnoses in relation to the mini-
mal expected performance estimated by the Angoff procedure.
A few observations can be made from these data, recognizing
that these results should be considered preliminary because
the first group of physicians to take the examination may differ
from those who take it in the future, and because the data
sample is relatively small. 1) Performance on these diagnoses
was worse than expected for the overall group; 2) ventricular
tachyarrhythmias presented the greatest difficulty for all exam-
inees. Even the cardiology group, which exceeded expectations
for the examination and for all three diagnoses, barely per-
formed above minimal expectations on ventricular tachyar-
rhythmia diagnoses. 3) Although cardiologists and internists
managed acute myocardial infarction diagnoses at a level that
exceeded their overall performance on the examination, other
specialists performed worse in this category than they did
overall. There is evidence that physicians in emergency rooms
Table 1. The Four Parts of ECGEXAM
Part Title No. of Tracings
1 Single ECG Tracing Interpretations 24
2 Overreading of Computer ECG Interpretations 10
3 Electrocardiographic Clinical Correlations 10
4 Interpretations of Serial ECG Tracings 8 pairs
ECG 5 electrocardiographic.
Table 2. Electrocardiographic Domains
Domain Proportion
Chamber hypertrophy and enlargement 7–15%
Infarction 17–25%
ST-T wave changes 7–15%
Ventricular and supraventricular arrhythmias 25–35%
Bradyarrhythmias and conduction 25–35%
Table 3. Specialties of Examinees
Specialty No. (%)
Cardiology 232 (38%)
Internal medicine 259 (43%)
Other 115 (19%)
Anesthesiology 10 (2%)
Emergency medicine 17 (3%)
Family practice 41 (7%)
General practice 6 (1%)
Other 6 (1%)
Total 606 (100%)
Table 4. Pass Rates by Specialty
Specialty Pass Rate
Cardiology 90.5%
Internal medicine 51.4%
Other 29.6%
Total group 62.2%
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sometimes misread the ECGs of patients with a possible acute
myocardial infarction (4,5). A recent study of the Physician
Insurers Association of America (6) showed that, in a recent
10-year period, family physicians had the highest number of
claims filed against them for cases involving acute myocardial
infarction, often because of misdiagnosis. The study also
reported that errors in diagnosis or treatment of heart attack
are the third most common reason for malpractice claims.
The ability to measure diagnosis-specific performance on
ECGEXAM and to compare performance among physician
groups provides a powerful educational tool. In the future, we
will be able to alert candidates for the examination about areas
of possible weakness according to specialty. We will be able to
inform those who complete the examination of their specific
weaknesses. Most important, we will be able to revise the
companion product to ECGEXAM, ECG-SAP, to help correct
known weakness of examination candidates based on analyses
of this sort.
The next two administrations of ECGEXAM are scheduled
for January 25 and June 28, 1997. Examinees who failed the
previous or future tests will be permitted to retake the
examination, repeatedly if necessary, at a reduced price. A new
edition of ECG-SAP is planned for release in the fall or winter
of 1997. It will be provided to all applicants for ECGEXAM
and will more closely parallel the format of the examination
than the previous ECG-SAP. As the total number of examin-
ees increases, our ability to target identified weaknesses of
ECG interpreters in the United States will grow. With that, the
educational value of the ECGEXAM/ECG-SAP combination
will be enhanced, and a real opportunity to significantly
improve this facet of medical care may develop.
We are grateful to ACC staff members Charlene May, Sherri Eichberg and
Lynne Galiatsatos for assistance.
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Figure 1. Relative differences in performance of the three physician
groups observed on all four parts of the examination. Percent
Correct 5 mean for the group of the percent of the maximal possible
score obtained on each part.
Table 5. Specialist Performance by Diagnosis
Average Percent Difference in Score Between
Actual and Expected Group Performance
Cardiologists Internists Others All
Ventricular tachyarrhythmia 14.6 28.1 211.9 24.0
Myocardial infarction 19.5 23.1 214.9 20.5
Acute myocardial infarction 114.2 10.3 213.3 13.0
Examination overall 113.9 10.5 28.7 13.9
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